Background: The study models a dynamic interaction among economic growth, structural change, knowledge accumulation, international trade and tourist flows. Objective: The purpose of this study is to introduce endogenous knowledge into a multi-country growth model with trade and tourism proposed by Zhang. The study models a dynamic interaction among economic growth, structural change, knowledge accumulation, international trade and tourist flows. Methods/Approach: The model is based on Arrow's learning by doing, the Solow one-sector growth model, the Oniki-Uzawa neoclassical trade model, and the Uzawa two-sector growth model. We first build the multi-country neoclassical growth model of endogenous knowledge
Introduction
The purpose of this study is to introduce endogenous knowledge into a multicountry growth model with trade and tourism proposed by Zhang (2015) . The study models a dynamic interaction among economic growth, structural change, knowledge accumulation, international trade and tourist flows. Our goal is to integrate the basic economic growth mechanisms in the capital-based neoclassical growth theory and knowledge-based contemporary growth theory. As far as the neoclassical growth theory is concerned, our model is built on the basis of the Solow growth model, the Uzawa two-sector model, the Oniki-Uzawa trade model. Our approach to technological change is based on Arrow's learning-by-doing. Arrow (1962) first introduces endogenous technical progress by emphasizing learning-by-doing. Uzawa (1965) introduces education as a source of knowledge accumulation. The education sector is specified in creating knowledge. This sector utilizes labor and the existing stock of knowledge to produce new knowledge. The Productivity of the production sector with be enhanced with new knowledge. Many other sources of knowledge accumulation are introduced in the literature of economic growth. But on the whole theoretical research on endogenous growth and knowledge had been relatively silent from the end of the 70s till the publication of the early 1980s. There has been a new interest in theoretical research on endogenous knowledge and economic growth since the mid-1980s (Romer, 1986; Lucas, 1988; Grossman et al., 1991; Aghion et al., 1992) .
Since then different problems about innovation, diffusion of technology and management have been examined in the literature. Many studies show that productivity differences between countries explain much of the variation in incomes across countries, and the key determinant in productivity is technology ( Hinloopen et al., 2013) . Most studies of the recent theoretical literature models trade patterns with endogenous technological change and monopolistic competition. These studies don't take treat capital and knowledge in a consistent framework. This paper deals with interactions between endogenous wealth accumulation, knowledge creations and utilization, trade, and tourism within a compact analytical framework.
Only a few formal economic theories properly address inequalities in income and wealth among nations with microeconomic foundation. This study explains inequalities among nations with endogenous wealth accumulation and knowledge dynamics. As far as modelling production and trade patterns is concerned, we follow the neoclassical growth trade model, particularly the Oniki-Uzawa model. A dynamic model with endogenous capital accumulation and capital movements was initially developed by Oniki and Uzawa and others (e.g., Oniki et al., 1965; Johnson, 1971) , in the framework of the two-country, two-good, two-factor global economy. The model has been extended and generalized to reveal dynamic interactions between economic growth and trade patterns (e.g., Jones et al., 1984; Ethier et al., 1986; Bhagwati, 1991; Wong, 1995; Vellutini; 2003) . Although there are many analytical difficulties in studying two-country, dynamic-optimization models with wealth change, many studies are made to study the effects of saving, technology, and various policies on global growth and international trade within this framework (e.g. Frenkel et al., 1987; Jensen, 1994; Valdés, 1999; Nishimura et al., 2002; and Sorger, 2002) . This study are different from these studies in describing household behaviour. Moreover, this study makes another contribution to the literature of endogenous global growth and endogenous knowledge by introducing international tourism.
This study is to introduce tourism into a dynamic general equilibrium model with endogenous wealth and knowledge. Tourism has a special feature. Tourism converts some non-traded goods into tradable ones. In association with rapid economic globalization and global economic growth in different regions tourism has been increasingly expanded in national economies (Sinclair, 2002 Zeng et al., 2011) , there is a need to build some analytical frameworks in which tourism has endogenous relations with other economic activities. This paper studies the issues of trade and tourism with endogenous capital and knowledge by synthesizing the two models by Zhang. Zhang (1992) built a multi-country model of wealth accumulation with endogenous knowledge utilization and creation. The model does not take account of international tourism. Zhang (2015) deals with tourism and global economic growth in a general equilibrium framework. This study applies the ideas in Zhang (1992) to the trade model with tourism. The rest of the paper is organized as follows. In section 2 we build the basic model. In section 3 we show how to solve the differential equations and simulate the dynamic movement of the international economy. In section 4 we conduct comparative dynamic analysis to study the effects of changes in some parameters on the motion of the global economy. In section 5 we conclude the study. We prove the main results of section 3 in the appendix.
The Model
We consider a global economy which consists of any number of national economies. Following Zhang (2015), we apply the Uzawa two-sector growth model to model national economies (Uzawa, 1961 (Uzawa, , 1963 . Except endogenous knowledge (Zhang, 1992) , almost all aspects of the model in this study are based on Zhang (2012 Zhang ( , 2015 . Production sectors employ capital and labor inputs. We assume that all markets are perfectly competitive. The outputs of production sectors are sold to households and other sectors. Households supply labor and assets to production sectors. Input factors are inelastically supplied and the available factors are fully utilized at every moment. Saving is only by households. This implies that all earnings of firms are distributed in the form of payments to factors of production. The modelling framework is neoclassical with Zhang's utility function. The neoclassical growth theory is based the pioneering works of Solow (1956 
Behavior of producers
Knowledge is supposed to be a public good which can be freely used by different producers. We assume that the sector employs two productive factors, capital,  , 
Behavior of households
Consumers choose consumption level of commodity, how much to travel, and how much to save. This study applies the approach to consumers' behavior proposed by Zhang in the early 1990s (Zhang, 1993 (Zhang, , 2015 . We use   t k j to represent the per capita wealth in country .
j The representative household has the following current income
The variable   t y j is called the current income. We assume that selling and buying wealth can be conducted instantaneously without any transaction cost. The disposable income is
The disposable income is distributed between saving and consumption. The consumer has the total amount of income j ŷ to use for consumer goods,  , 
where 
The change in the wealth equals the saving minus the dissaving.
Full employment of capital and labor
The total capital stocks utilized by country , j  , t K j is used for the two sectors. We have full employment of labor and capital as follows
Balance conditions for global wealth
The total capital stock employed by the production sectors equals the total wealth owned by all the countries
Equilibrium conditions for national consumer goods
For each country, the demand for services is equal to the supply of services
Knowledge creation
Following Zhang (1992), we use knowledge as an international public good. We assume that knowledge growth is through Arrow's learning by doing (Arrow, 1962) . We suggest the equation for knowledge growth as follows capital good sector. To explain this term, consider that knowledge has the following relation with country s j' total industrial output during some period 
The Dynamics and Equilibrium
The global economy has any number of national economies countries. Both wealth and knowledge change over time. We have nonlinear and differential equations to describe the motion of wealth and knowledge. It is almost impossible to analytically solve such nonlinear differential equations. This study relies on computer simulation to plot the motion of the dynamic system. First we provide a computational procedure to plot the motion of the global economy. Before showing the result, we have a new 
K t K
The lemma enables us to plot the motion of the economic system with any number of national economies. It should be remarked that we don't provide the explicit functional forms of (13) 
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The motion of the system is given in Figure 1 . In Figure 1 each country's total product and the global product are defined as follows
The global product falls and rises. The knowledge rises and the global wealth falls. The three countries' total products and capital stocks employed by the three countries also fall. The other variables are plotted in Figure 1 . Source: Author's work
From Figure 1 we observe that all the variables become stationary in the long term. The simulation results hint on the existence of a stable equilibrium point. Following the lemma under (14) 
It is straightforward to calculate the values of the four eigenvalues as follows  .
The eigenvalues are real and negative. This implies the existence of a locally stable equilibrium point. This means that we can effectively conduct comparative dynamic analysis. We now study what will happen to the global economy when some parameters are changed. 
An improvement in country 1's knowledge utilization efficiency in the capital good sector
We first examine what happens to the motion of the global economy if country 1's knowledge utilization efficiency in the capital good sector is improved as follows:
The simulation results are plotted in Figure 2 . are lowered initially and are enhanced in the long term. The labor distribution in country 2 is slightly affected. Some of labor is shifted from the capital good sector to the service sector in country 3. The output levels and capital inputs of the two sectors are all enhanced in the long term in countries 2 and 3. The global product, knowledge stock and wealth are all augmented. Country 1 produces more and uses more capital stocks. Country 2 (3) produces less and uses less capital stocks initially and produces more and uses more capital stocks in the long term. In the long term all countries' total products are increased. The price of service in country 1 is increased and the prices of services in countries 2 and 3 are slightly affected. The rate of interest rises initially and falls in the long term. The representative household in country 1 initially has less wealth, consumes less goods and services, travels less to the other two countries; in the long term the
household has more wealth, consumes more goods and services, travels more to the other two countries. The representative household in country 2 (3) has more wealth and consumes more goods and services. The household in country 2 travels more to country 3 and less to country 1. The household in country 3 travels less to the other two countries initially and in the long term travels more to the other two countries.
The household in country 1 increasing the propensities to travel
We now study what will happen to the global and national economies when country 1's household increase the propensities to travel to country 2 and 3 as follows: The simulation results are plotted in Figure   3 .
As country 1's household augments the propensities to tour the other two countries, the households of country 1 travel more to the other two countries. Sectors   
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An improvement in country 1's learning by doing efficiency
We now study what will happen to the global and national economies when country 1's learning by doing efficiency is improved as follows:
The simulation results are plotted in Figure 4 . Comparing Figures 2 and 4 , we see that the effects are similar. As sector   1 , i makes more effectively to knowledge growth via learning by doing, the knowledge stock is augmented. The global product and global wealth are increased. Each country has more total product and uses more capital stocks. The output levels of all the sectors are enhanced. Each household has more wealth, consumes more goods and services, and travels more to the other countries. Source: Author's work
Country 3's return to scale being enhanced
We now study what will happen to the global and national economies when country 3's return to scale is enhanced as follows:
The simulation results are plotted in Figure 5 . The wage rates in all the countries are increased. The rate of interest rises initially and falls in the long term. The price of service in country 2 rises and the prices of services in the other two countries fall. The knowledge stock is augmented. The global product and global wealth are increased. Each country has more total product and uses more capital stocks. The output levels of all the sectors are enhanced. Each household has more wealth, consumes more goods and services, and travels more to the other countries. Source: Author's work
Country 3's population being increased
We now study how the motion of the global economy is affected when if country 3's population is increased as follows: The knowledge stock is slightly affected. The global product and wealth are enhanced. Country 3's total product and capital stocks are increased, and the other two countries' total products and capital stocks are reduced. Country 3 increases the output level and employs more the input factors, and the other two countries reduce the output levels and employ less the input factors. The countries' output levels and labor force of the service sectors are increased. The rate of interest rises in tandem with falling in the wage rates. The prices of the services are slightly affected. The household of country 3 (2) has less wealth, consumes less goods and services, and travels less to the other two countries. The household of country 1 has more wealth, consumes more goods and services, and travels more to the other two countries. We see that as country 3 increases its population, in macroeconomic level country 3 benefits and the other two countries lose; in microeconomic level the household in country 1 benefits, and the household in country 2 (3) loses.
Country 1's population being increased
We now study how the motion of the global economy is affected when if country 1's population is increased as follows:
The simulation results are plotted in Figure 7 . Comparing Figures 6 and 7 , we see that different from the rise in country 3's population, as country 1's population is increased, all the households in the global economy benefit. This occurs as country 1 has highest knowledge utilization efficiency and is most efficient in learning by doing. Source: Author's work
A rise in country 1's propensity to save
We now deal with the effects of the following rise in country 1's propensity to save:
The simulation results are plotted in Figure 8 . As country 1's propensity to save is increased, in the long term all the households benefit. In the global economy with endogenous knowledge, a rise in the country's propensity will not only increase other countries' consumption levels but also the country's consumption levels in the long term. Source: Author's work
Concluding Remarks
This study introduced endogenous knowledge into a multi-country growth model with trade and tourism proposed by Zhang. We modelled a dynamic interaction among economic growth, structural change, knowledge accumulation, international trade and tourist flows. The model was built on the basis of Arrow's learning by doing, the Solow growth model, the Uzawa two-sector model, and the Oniki-Uzawa trade model. Capital accumulation is through saving, while knowledge is through learning by doing. The model is unique in this type of neoclassical growth trade models in that it introduces endogenous tourism the general equilibrium trade model with endogenous wealth and knowledge. We first built the multi-growth growth model with endogenous knowledge and tourism. Then we demonstrated that the motion of the J -country world economy can be described by 1  J differential equations. We also simulated the global economy with three countries, showing that the world dynamics has a unique equilibrium. We carried out comparative dynamic analysis with regard to one country's knowledge utilization efficiency, the efficiency of learning by doing, the propensity to save, the propensity to tour other countries, and the population. The analyses provide some insights into interdependence between growth, trade, tourism, wealth accumulation, and knowledge growth. For instance, the simulation shows that when a country's the propensities to travel to the other two countries are enhanced, the households of the country travel more to the other two countries; the three countries' economic structures are changed; the global product falls in the long term; the global capital and capital stocks employed by the three economies are all reduced and the rate of interest rises; different national products are affected differently; the wage rates are reduced and prices of services are slightly affected; all the households have less wealth and consume less goods and services. The households from the other two countries travel less to any other country. Our model can be extended and generalized in different directions. For instance, it is significant to examine behavior of the dynamic system when the utility functions or/and production functions are taken on other forms. The Solow model and Uzawa two-sector growth 
